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(54) Flat display apparatus 

(57) In the flat display apparatus. First and second 
substrates (1 and 2) are provided opposite to each other, 
the first substrate (1 ) Is provided with a discharge main- 
taining electrode group (5) having a plurality of dis- 
charge maintaining electrodes (3 and 4) arranged ther- 
eon, and the second substrate (2) is provided with an 



address electrode group (9) having a plurality of address 
electrodes (8) arranged thereon. The discharge display 
is carried out through negative glow discharge and cath- 
ode glow discharge. 

In the flat display device, display can be carried out 
with high definition and high density, and furthermore, 
driving power, that is, consumed power can be reduced. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a flat display 
apparatus using AC plasrna discharge display. 

Description of the Related Art 



[0002] For example, Japanese Patent Laid-Open No. 
Hei 7-220641 has disclosed a flat display apparatus uti- 
lizing plasma discharge. 

[0003] An example of a conventional flat display ap- 
paratus, for instance, as shown in FIG. 8 of a schematic 
perspective view with a partially cut away, and FIG. 9. 
of a schematic exploded perspective view, is composed 
of a flat vessel in which first and second substrates 101 
and 102 for example, formed of a glass substrate are 
opposed to each other with a predetermined space held 
therebetween and the suaoundings are sealed with air- 
tightness. 

[0004] A discharge maintaining electrode group 105 
is provided on the intemal surface of the first substrate 
1 01 , in which plural pairs of discharge maintaining elec- 
trodes 103 and 104 are formed of transparent conduc- 
tive layers making a pair, for example, and are arranged 
in parallel 

[0005] The discharge maintaining electrodes 103 and 
104 formed of the transparent conductive layers have 
high resistivities. Therefore, so-called bus electrodes 
103b arKj 104b fomned of metal layers having high con- 
ductivities are formed along the side edges opposed to 
the opposed sides of the pair of electrodes 1 03 and 1 04. 
[0006] Partition walls 106 extended in a direction or- 
thogonal to a direction of extension of the discharge 
maintaining electrodes 103 and 104 are provided with 
a predetermined space in parallel and a stripe-shaped 
address electrode 107 is formed between the partition 
walls 1 06 on the intemal surface of the second substrate 
102. Similarly, phosphors R. G and B having colors for 
emitting red, green and blue colors, for example, are 
coated by excitation through vacuum ultraviolet rays 
generated by plasma discharge between the partition 
walls 106. 

[0007] A predetermined discharge starting voltage is 
applied between a selected address electrode 107 and 
one of the pair of discharge maintaining electrodes, for 
example, the electrode 103 so that the discharge is 
started in a portion where they cross. A predetermined 
AC voltage is applied between the electrode 103 and 
the discharge maintaining electrode 104 making a pair 
therewith so that the discharge in this portion is main- 
tained. Through the vacuum ultravtolet rays generated 
by the discharge, light is emitted from the phosphor po- 
sitioned in the cross portion and light emission display 
to be intended is carried out. 
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[0008] In such a conventional flat display devk:e using 
general plasma discharge display, it is presupposed that 
both the discharge start and the discharge maintenance 
- are carried out though negative glow discharge. For this 

5 reason, a space between the address electrode and the 
discharge maintaining electrode and a space between 
the pair of discharge maintaining electrodes are select- 
ed to be lOO^ms or more, for example, 130^ms to 
SOOjims which is a space between the electrodes for the 

10 generation of the negative gbw discharge. 

SUMMARY OF THE iNVENTiON 

[0(X>9] In the flat display apparatus of this type, re- 
is cently, an enhancement in the density and definition of 
pixels has been required increasingly- 
[0010] In order to obtain such an increase in the den- 
sity and definition, it has been requiped that the pitch of 
the pair of discharge maintaining electrodes should be 
reduced. 

[0011] In the conventional flat display apparatus using 
the negative glow discharge, however, if the space be- 
tween the pair of discharge maintaining electrodes for 
carrying out discharge is reduced to lOOpjn or less, the 
discharge is not fully carried out so that the efficiency of 
generation of the ultraviolet rays is decreased. Conse- 
quently, the excitation of phosphors becomes insuffi- 
cient so that a brightness is reduced. Therefore, the 
space between the pair of discharge electrodes is se- 
lected to be at least 1 00|ims or more in the conventional 
general flat display apparatus. Correspondingly, the 
pitch between the pair of discharge maintaining elec- 
trodes is at least two hundreds and several tens lams. 
For this reason, there is a problem that an increase in 
the density and definition cannot be fully obtained. 
[0012] The present invention has an object to en- 
hance high definition and high density display in a flat 
display apparatus, and furthermore, to reduce driving 
power, that is, consumed power. 
40 [0013] The present invention provides a flat display 
apparatus in whch first and second substrates are po- 
sitioned opposite to each other, the first substrate is pro- 
vided with a discharge maintaining electrode group hav- 
ing a plurality of discharge maintaining electrodes ar- 
45 ranged thereon and the second substrate is provided 
with an address electrode group having a plurality of ad- 
dress electrodes ananged thereon. The discharge dis- 
play is carried out in a discharging manner through or- 
dinary negative glow discharge and mainly through 
so cathode glow discharge. 

[0014] In the present invention, thus, the negative flow 
discharge and the cathode glow discharge are com- 
bined for the discharging manner. Consequently, re- 
spective characteristics can be utilized. 
55 [0015] More specifically, the pitch of the pair of dis- 
charge maintaining electrodes in the discharge main- 
taining electrode group can be reduced, that is, to be 
less than SOjims, preferably 20iJjms or less which is 
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much smaller than lOO^ms. Thus, it is possible to fully 
Increase the density and definition of pixels. 
[0016] Referring to the discharge maintaining elec- 
trode group 105 having such a structure that the con- 
ventional discharge maintenance is carried out by the 
negative glow discharge. FIG. 10A is a schematic plan 
view showing a part thereof (illustrating only two pairs 
of discharge maintaining electrodes 103 and 104) and 
FIG. 10B is a sectional view taken along the line B-B 
shown in FIG. IDA. in which the discharge maintaining 
electrodes 1 03 and 1 04 formed of a band-shaped trans- 
parent conductive layer are arranged with a space D of 
lOO^ms or more, for example, approximately 130 to 
300fims as described above. A space Dc between an 
adjacent pair of discharge maintaining electrodes 
should be minimum. Therefore, even if a width W of 
each of the discharge maintaining electrodes 103 and 
104 is selected to be small, for example, approximately 
30 to 40|xms, a pitch P of each set of discharge main- 
taining electrodes should be set to at least two hundreds 
and several tens urns, thereby obstructing an increase 
in the density and definition of displayed pixels. 
[0017] On the other hand, as described above, in the 
case that the discharge maintenance is carried out by 
the cathode glow discharge, the space between the pair 
of discharge maintaining electrodes can be reduced to 
20^s or less. Consequently, the pitch of each pair of 
discharge maintaining electrodes can fully be reduced. 
[0018] According to the present invention, moreover, 
the driving power can be considerably reduced by using 
the cathode glow discharge as compared with the case 
of the negative glow discharge. In particular, great pow- 
er saving effects can be obtained by the driving power 
in large screen display. 

[0019] Alternatively, brighter display can be obtained 
with the same consumed power 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 

FIG. 1 is a schematic perspective view showing the 
main part of an example of a flat display apparatus 
according to the present invention; 
FIG. 2 is an exploded perspective view showing the 
main part of the example of the flat display appara- 
tus according to the present invention; 
FIG. 3 is a plan view showing a part of a discharge 
maintaining electrode of the example of the flat dis- 
play apparatus according to the present invention; 
FIG. 4 is a plan view showing a part of the discharge 
maintaining electrode of another example of the flat 
display apparatus according to the present inven- 
tion; 

Fl G. 5 is a plan view showing a part of the discharge 
maintaining electrode according to yet another ex- 
ample of the flat display apparatus according to the 
present invention; 



FIGS. 6A and SB are a plan view showing a part of 
the discharge maintaining electrode of the example 
of the flat display apparatus according to the 
present invention and a schematic sectional view 
5 taken along the line B-B; 

FIG. 7 is a plan view showing a part of the discharge 
maintaining electrode of a further example of the flat 
display apparatus according to the present inven- 
tion; 

FIG. 8 is a schematic perspective view showing the 
main part of a conventional apparatus; 
FIG. 9 is an exploded perspective view showing the 
main part of the conventional apparatus; and 
FIGS. lOA and 1 0B are a plan view showing a part 
of the discharge maintaining electrode of the con- 
ventional apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] An example of a flat display apparatus accord- 
ing to an embodiment of the present invention will be 
described below with reference to the drawings, 
[0022] FIG. 1 is a schematic perspective view, a part 
of which is taken away, and FIG. 2 is a schematic ex- 
pkxJed perspective view. However, the present inven- 
tion is not restricted to this example. 
[0023] In the flat display apparatus according to the 
present invention, first and second substrates 1 and 2 
formed of a glass plate, for example, are opposed to 
each other with a predetermined space held therebe- 
tween and the surroundings are sealed with airtightness 
through frit seal, for example, thereby constituting a flat 
vessel, which is not shown. 

[0024] In this example, light emission display is ob- 
served on the first substrate 1 side. In this case, at least 
the first substrate 1 is formed by a transparent glass sub- 
strate through which display light is transmitted. 
[0025] The internal surface of the first substrate 1 is 
provided with a discharge maintaining electrode group 
5 in which plural pairs of discharge maintaining elec- 
trodes 3 and 4 formed of a transparent conductive layer, 
for example, ITO (indium tin oxide) are arranged in par- 
allel with each other like a stripe, for example, with a 
main extending direction thereof extended in a first di- 
rection along the plate surface of the substrate 1, for 
example, an X direction In the drawing (while only one 
set of discharge maintaining electrodes 3 and 4 are 
shown in FIGS. 1 and 2, plural sets of discharge main- 
taining electrodes 3 and 4 are arranged in parallel). 
[0026] The space between opposed electrodes mak- 
ing a pair for the discharge maintenance of both dis- 
charge maintaining electrodes 3 and 4 is selected to be 
less than 50pms, preferably 20^ims or less, for example, 
lOfims at which the cathode glow discharge is mainly 
generated and the negative glow discharge is not basi- 
cally generated. 

[0027] In the case in which the discharge maintaining 
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electrodes 3 and 4 are to be formed of a transparent 
conductive layer, bus electrodes 3b and 4b rmde of a 
metal conductive layer such as Al. Ag, Cu, Ni or the like 
having an excellent conductive property for compensat- 
ing for the conductive properties of the discharge main- 
taining electrodes 3 and 4 are formed along side edges 
on the opposite side to the mutual opposed sides of the 
discharge maintaining electrodes 3 and 4, that Is, in the 
main extending direction of each of the discharge main- 
taining electrodes 3 and 4 because the conductive prop- 
erty is generally poor. 

[0028] A dielectric layer 6 made of SiGg or the like is 
formed over the discharge maintaining electrodes 3 and 
4. and furthenrvore, a surface layer 7 made of MgO, for 
example, which has a small work function and serves to 
protect the electrodes is fomned. 
[0029] Moreover, the second substrate 2 is provided 
with an address electrode group 9 in which address 
electrodes 8 extended in a second direction Y crossing, 
for example, orthogonal to the first direction X across 
the discharge maintaining electrodes 3 and 4 are pro- 
vided in parallel with a predetemnined space. 
[0030] A dielectric layer 1 0 formed of SlOg or the like 
is provided over the address electrodes 8. 
[0031] An insulating partition wall 11 extended in the 
extending direction of the address electrodes 8 is pro- 
vided between the address electrodes 8. The partition 
wall 1 1 has the function as a spacer for holding a space 
to have a predetermined thickness between the first and 
second substrates 11 and 2 and the function of dividing 
a discharge space in the X direction. 
[0032] The height of the partition wall 11 is selected 
such that the space between the address electrode 8 
and the discharge maintaining electrode 3 or 4 which is 
opposed to the address electrode 8 and serves to carry 
out discharge start, that is, the rising of the discharge is 
set to a space in which the negative glow discharge is 
generated in place of the cathode glow discharge, that 
is. a space of lOO^ims or more, for example, 150|ims. 
[0033] Moreover, phosphors R, G and B for emitting 
light having red, green and blue colors in the Y direction 
by excitation through vacuum ultraviolet rays, for exam- 
ple, are coated between the partition walls 11 such that 
they are arranged in predetermined order in the X direc- 
tion. 

[0034] An airtight space formed by the first and sec- 
ond substrates 1 and 2 is exhausted and is filled with a 
predetermined discharge gas, for example, one or more 
of rare gases such as He, Ne, Ar, Xe and Kr. for example, 
a so-called Penning gas whrch is an optimum mbced gas 
of Ne and Xe. The gas is filled at such a pressure as to 
stably maintain discharge having a high luminance and 
a high efficiency in relation to the space between the 
address electrode 8 and the discharge maintaining elec- 
trode 3 or 4. For example, the Penning gas of Ne (96 
%) and Xe (4 %) is filled at a pressure of 100 kPa. 
[0035] With the pattern of each of the discharge main- 
taining electrodes 3 and 4. a space d between two sets 



of discharge maintaining electrodes 3 and 4 making a 
pair for discharge maintenance is selected to be less 
than SOums, preferably 20|ims or less, for example. 
10|ims as typically shown in FIGS. 3 to 5, for example, 
5 respectively, and a gap g between the electrodes 3 and 
4 has such a rectilinear shape as to be extended in the 
extending direction X of the electrodes 3 and 4 as shown 
in FIG. 3 or the gap g is curved or bent as shown in FIGS. 
4 and 5. 

10 [0036] The gap g is corrugated, for example, in the 
cross direction Y of the electrodes 3 and 4 with the space 
d held therebetween in the example shown in FIG. 4. 
and is formed to have a saw-toothed zigzag pattern in 
the example shown in FIG. 5. 
is [0037] Also in the flat display device according to the 
present invention, a predetermined discharge starting 
voltage is applied between the selected address elec- 
trode 8 and one of the pair of discharge maintaining 
' electrodes 3 and 4, for example, the electrode 3, thereby 
20 starting the discharge through the negative glow dis- 
charge in a portion where they cross, and a predeter- 
mined AC voltage is applied between the discharge 
maintaining electrode 3 and the discharge maintaining 
electrode 4 making the pair therewith, thereby maintain- 
2S ing the discharge in this portion through the cathode 
glow discharge and causing the phosphors R, G and B 
positioned in the crossing portion to emit light through 
the vacuum ultraviolet rays generated by the discharge. 
Thus, the light emission display to be intended is carried 
30 out. 

[0038] In the above-mentbned device according to 
the present invention, the space between the discharge 
maintaining electrodes 3 and 4 is very small as de- 
scribed above. Consequently, the discharge mainte- 
35 nance is nr^inly carried out through the cathode glow 
discharge. FIG. 6A is a plan view showing two pairs of 
adjacent discharge maintaining electrodes 3 and 4. As 
shown in FIG. SB which is a sectional view taken atong 
the line B-B in FIG. 6A, when a pitch p between the pair 
40 of discharge maintaining electrodes 3 and 4 of the dis- 
charge maintaining electrode group 5 is selected to be 
equal to or less than a conventional pitch P shown in 
FIGS. 10A and 10B but is comparatively great, a width 
(0 of the electrodes 3 and 4 can be set to be (o»W as 
45 compared with a conventional width W. Consequently, 
the conductive properties of the electrodes 3 and 4 in 
the longitudinal direction can be enhanced. At this time, 
the width occupied by the electrodes 3 and 4 can be 
increased. Therefore, in the case in which the gap g be- 
so tween both discharge maintaining electrodes 3 and 4 is 
curved or bent as shown in FIGS. 4 and 5, an amplitude 
Wq can be fully increased as shown in FIG. 7 so that 
the opposed length of the gap can be increased. 
[0039] As described above, in the present apparatus, 
55 the discharge maintenance is mainly carried out through 
the cathode glow discharge. Consequently, the driving 
power can be more reduced than the case of the nega- 
tive glow discharge. Alternatively, when the driving pow- 
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er is to be set equal to or almost equal to that in the 
conventional example, it Is possible to enhance the ef- 
ficiency of light emission and a light emitting luminance. 
For example, when the driving power is to be equal to 
that in the conventional example, a brightness can be 
increased by 40 % or more, 

[0040] The discharge starting to be carried out be- 
tween the address electrode 8 and the discharge main- 
taining electrode 3 is performed through the negative 
glow discharge. Therefore, the space between the ad- 
dress electrode 8 and the discharge maintaining elec- 
trode 3 is selected to be great, for example, 1 SOjims. 
Consequently, the discharge space, the space in a por- 
tion where the phosphors R, G and B are arranged, and 
the area of arrangement of the phosphors R, G and B 
can fully be increased. Thus, bright display can be ob- 
tained. 

[0041] As described above, moreover, the space be- 
tween the discharge maintain in g electrodes 3 and 4 can 
be reduced to 1 /4 or less as compared with the conven- 
tional example. Therefore, an arrangement pitch p of 
each pair of discharge maintaining electrodes can be 
more reduced than a conventional pitch R Consequent- 
ly, the density and definition of the pixel can be en- 
hanced. 

[0042] The pitch p is selected to be equal to or smaller 
than the conventional pitch P but to be greater than a 
minimum pitch. As shown in FIGS. 4, 5 and 7, therefore, 
the shape of the gap g between the pair of discharge 
maintaining electrodes 3 and 4 can be set to have a 
curved or bent pattem. Consequently, the length can be 
increased so that the amount of generated vacuum ul- 
traviolet rays can be made larger. Thus, the luminance 
can be more enhanced. 

[0043] Next, description will be given to an example 
of a flat display apparatus and a manufacturing method 
thereof according to the present invention. In the 
present embodiment, description will be given to an ex- 
ample of the case that the apparatus shown in FIGS. 11 
to 3 is obtained. However, the manufacturing method 
according to the present invention is not restricted to th is 
example. 

[0044] First of all, an example of the manufacturing 
method on the first substrate 11 side will be described. 
[0045] In this case, the first substrate 11 formed of a 
transparent glass substrate, for example, is prepared, 
and the discharge maintaining electrodes 3 and 4 are 
formed on the internal surface of the substrate I. The 
electrodes 3 and 4 are formed by wholly, providing a 
transparent conductive layer such as ITO or tin oxide on 
the internal surface of the substrate 1 by a thin film tech- 
nique such as sputtering and carrying out pattem etch- 
ing through photolithography, for example, to have a 
predetermined pattern. 

[0046] Next, the bus electrodes 3b and 4b are formed. 
The bus electrodes 3b and 4b are formed by, first of all, 
wholly depositing a metal having a high conductive 
property such as Ag, Al, Ni, Cu or Cr through sputtering 



or the like over the discharge maintaining electrode 
groups 3 and 4 on the internal surface of the first sub- 
strate, and then performing the pattern etching through 
the photolithography or screen printing, for example, to 
5 have a predetermined pattem. 

[0047] Thereafter, the dielectric layer 6 made of Si02, 
for example, is wholly formed by a CVD (Chemical Nfepor 
Deposition) method or the like, and MgO having a small 
work function or a transparency to visible light is provid- 
ed thereon in a thickness of approximately CSjam to 

I. 0^m, for example, by an electron beam deposition 
method, and the surface layer 7 is thus formed. 
[0048] On the other hand, a method of manufacturing 
the second substrate 2 side having the address elec- 
trode 8 will be first described for the case in which the 
partition wall 9 is formed by a printing method. 
[0049] In this case, the address electrode 8 is formed 
on the second substrate 2 made of a glass substrate, 
for example. The address electrode 8 is formed by pro- 
viding a metal such as Ag, Ah Ni, Cu or Cr having a high 
conductive property or an alloy having one of them or 
more in one layer or more through the sputtering or the 
like, and then perfomning the pattern etching through the 
photolithography or the screen printing, for example, to 
have a predetermined pattem. 

[0050] Next, the partition wall 11 having a height of 
approximately lOOpjns or more, for example, approxi- 
mately 1 scrims is formed between the address elec- 
trodes 8 and on the outside of the arrangement portion. 
The partition wall 1 1 is formed by repeating the printing 
and drying operation of a glass paste plural times, for 
example. Altematively. a glass paste Is wholly coated 
and a mask of a photoresist layer is formed thereon 
through the photolithography to have a predetemnined 
pattem, for example. Then, sand blasting is carried out 
to remove the glass paste in a portion which is not cov- 
ered with the mask. Thus, the predetermined pattem is 
obtained. 

[0051] Then, phosphor layers R, G and B having re- 
spective colors are formed on the side surface of the 
partition wall 11 and the bottom face of a groove portion 
between the adjacent partition walls 11 in a predeter- 
mined order array along the groove, that is. in the ex- 
tending direction of the partition wall 11 as shown in 
FIGS. 1 and 2 for each groove through the screen print- 
ing or coating, exposing and printing out using a photo- 
sensitive slurry. 

[0052] Thereafter, the first and second substrates 1 
and 2 are opposed in such a manner that the extending 
directions of the discharge maintaining electrodes 3 and 
4 cross, for example, are orthogonal to the extending 
directions of the address electrode and the partition wall 

II, and the surroundings of the first and second sub- 
strates 1 and 2 are subjected to frit seal so that a flat 
vessel is constituted by both substrates 1 and 2. 
[0053] In the first and second substrates 1 and 2, thus, 
a space between both substrates 1 and 2 defined by the 
height of the partition wall 11, that is, a space between 
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the address electrode 8 and the discharge maintaining 
electrodes 3 and 4 is defined. 

[0054] By the first and second substrates I and 2, the 
flat vessel Is exhausted and is filled with the above-men- 
tioned discharge gas, for example, one or more of rare 
gases such as He. Ne, Ar, Xe and Kr, for example, a so- 
called Penning gas to be an optimum mixed gas of Ne 
and Xe at a predetermined pressure. 
[0055] In this case, actually, at least one side edge of 
each of the first and second substrates 1 and 2 is formed 
to project from the other substrate toward the outside. 
In the projection portion, the end of each of the bus elec- 
trodes 3b and 4b and that of the address electrode 10 
are extended and led to the outside of an airtight space 
and can be power supply terminals to the discharge 
maintaining electrodes 3 and 4 and the address elec- 
trode 10, respectively. 

[0056] Thus, the flat display device according to the 
present invention can be constituted. 
[0057] While the light emission display is observed on 
the first substrate i side in the above-mentioned exam- 
ple, it can also be obsen^ed on the second substrate 2 
side. In this case, the address electrode 8 is constituted 
by a transparent conductive layer and the discharge 
maintaining electrodes 3 and 4 are constituted by Ag, 
Al, Cu, Ni or Cr, or one or more layers thereof. 
[0058] Moreover, it is apparent that the flat display de- 
vice and the manufacturing method thereof according 
to the present invention are not restricted to the above- 
mentioned example and can variously be changed and 
modified in the present invenfion. 
[0059] As described above, in the flat display appara- 
tus according to the present invention, the discharge 
maintenance is carried out through the cathode glow 
discharge. Consequently, the driving power can be 
more reduced than the case of the negative glow dis- 
charge. 

[0060] Thus, a reduction in the driving power causes 
heat generation to be decreased Therefore, it is possi- 
ble to avoid the use of a heat radiating fan, to reduce 
the number of the heat radiating fans or power or to re- 
duce the number of the heat radiating fans, the area or 
the like. Consequently, it is possible to reduce the size 
and weight of the whole device and the like in large area 
display. 

[0061] Altematively, when the driving power is to be 
set equal to or almost equal to that in the conventional 
example, it is possible to enhance a light emitting lumi- 
nance. For example, when the driving power is to be 
equal to that in the conventional example, a brightness 
can be increased by 40 % or more. 
[0062] The discharge start to be carried out between 
the address electrode 8 and the discharge maintaining 
electrode 3 is performed through the negative glow dis- 
charge. Therefore, the space between the address elec- 
trode 8 and the discharge maintaining electrode 3 is se- 
lected to be great, for example, ISOpins. Consequently, 
the space in a portion where the phosphors R, G and B 



are arranged, and therefore, the area of arrangement of 
the phosphors R, G and B can fully be increased. Thus, 
bright display can be obtained. 
[0063] As described above, moreover, the space be- 

5 tween the discharge noaintaining electrodes 3 and 4 can 
be reduced to 1/4 or less as compared with the conven- 
fional example. Therefore, an arrangement pitch p of 
each pair of discharge maintaining electrodes can be 
more reduced than a conventional pitch P. Consequent- 

10 ly, the density and definition of the pixel can be en- 
hanced. 

[0064] Furthermore, the shape of the gap g between 
the pair of discharge maintaining electrodes 3 and 4 is 
set to have a curved or bent pattern. Consequently, the 

15 length can be increased so that the amount of generated 
vacuum ultraviolet rays can be made larger Thus, the 
luminance can be more enhanced. 
[0065] Having described preferred embodiments of 
the present invention with reference to the accompany- 

20 ing drawings, it is to be understood that the present in- 
vention is not limited to the above-mentioned embodi- 
ments and that various changes and rrKDdifications can 
be effected therein by one skilled in the art without de- 
parting from the scope of the present invention as de- 

2S fined in the appended claims. ~ 



Claims 

30 1, A flat display apparatus in which first and second 
substrates (1 , 2) are positioned opposite to each 
other, 

said first substrate (1) is provided with a dis- 
ss charge maintaining electrode group (5) having 

a plurality of discharge maintaining electrodes. 

(3, 4) arranged thereon, 

said second substrate (2) is provided with an 

address electrode group (9) having a plurality 
40 of address electrodes (8) arranged thereon, 

and 

display is carried out through negative glow dis- 
charge and cathode glow discharge. 

45 2. The flat display apparatus according to claim 1, 
wherein a space between said discharge maintain- 
ing electrodes (3, 4) which make a pair for the dis- 
charge maintaining of said discharge maintaining 
electrode group (5) is selected to be less than 

so 50^m. and 

a space between said address electrode (8) 
and said discharge maintaining electrode (3 or 4) is 
selected to be lOO^m or more. 

55 3. The flat display apparatus according to claim 1, 
wherein a space between the electrodes (3, 4) 
which make a pair for the discharge maintaining of 
said discharge maintaining electrode group (5) is 
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selected to be 20\im or less and 

a space between s^iid address electrode (8) 
and said discharge mamtarnng electrode (3 or 4) is 
selected to be 1 0Oiim or rnorc 

5 

4. The flat display apparntjs .^ccofdtnq lo ci^itn 1, 
wherein a shape of a qnp iqi between mutual op- 
posed edges of said pau ol dischnrQc rrwiirirnning 
electrodes (3, 4) has a pritiern bcni or curved in a 
width direction of said disch^rqo mriiniHtnmg dec- 10 
trode (3 or 4). 

5. The flat display apparatus according to claim 1, 
wherein said discharge mamtaninq ctcctrode (3 or 

4) and said address electrode (c) which are ar- is 
ranged on said first and second substrates (1.2) 
respectively are constituted by a conductive mate- 
ria! layer and said discharge maintaining electrode 
(3 or 4) is coated with a dielectric layer (6) . 

20 

6. The flat display apparatus accoiding to claim 1, 
wherein the conductive material layer constituting 
said discharge maintaining electrode (3 or 4) and 
said address electrode (8) is formed of a transpar- 
ent conductive material, Ag, Al, Cu, Ni. Croran alloy 2S 
thereof or a lamination. 

7. The flat display apparatus according to claim 1, 
wherein a partition wall (11 ) is formed between said 
address electrodes (8) of the second substrate (2) 30 
and phosphors having respective colors are formed 

in a predetermined order array between said parti- 
tion walls, thereby carrying out color display 

8. The flat display apparatus according to claim 1, 3S 
wherein a flat space formed between the first and 
second substrates (1 , 2) is filled with a Penning gas. 
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